Besides their own intrinsic interest, correct interpretation of solar surface magnetic field observations is crucial to our ability to describe the global magnetic structure of the solar atmosphere. Photospheric magnetograms are often used as lower boundary conditions in models of the corona, but not data from the nearly force-free chromosphere. NSO's SOLIS VSM produces full-disk line-ofsight (LOS) magnetic flux images deriving from both photospheric and chromospheric layers on a daily basis. In this paper, we investigate key properties of the magnetic field in these two layers using more than five years of VSM data. We find from near-equatorial measurements that the east-west inclination angle of most photospheric fields is less than about 12
Introduction
The magnetic field of the solar corona is the cause of the most spectacular events in the heliosphere. Since the magnetic field in the corona is very difficult to measure (Judge 1998 , Lin, Penn & Tomczyck 2000 , Tomczyk et al. 2008 , global atmospheric magnetic field models (Linker et al. 1999 , Riley, Linker & Mikić 2001 , Roussev et al. 2003 and solar wind predictions (Arge & Pizzo 2000) are usually based on extrapolations from the synoptic measurements of the photospheric magnetic field. Synoptic photospheric field measurements have been routinely available since the 1960s (Howard 1967) and at the NSO since the 1970s (Harvey et al. 1980) . The SOLIS (Synoptic Optical Long-term Investigations of the Sun) Vector Spectromagnetograph (VSM; Keller et al. 2003) has been producing daily full-disk observations of the solar photospheric and the chromospheric magnetic field since August
2003.
In most of the corona the ratio of the plasma and magnetic pressures β << 1. This parameter measures the relative influence of the plasma in the dynamics relative to the magnetic field, and so the coronal field is generally approximately force-free. Furthermore, the influence of currents on the coronal magnetic field is inversely proportional to length scale and so is generally small for large-scale structures, and the global corona is adequately modeled using a potential (current-free) solution. In practice, potential-field source-surface (PFSS) models and magnetohydrodynamics (MHD) models of the global corona generally produce similar results (Neugebauer et al. 1998 , Riley et al. 2006 ). To extrapolate a potential field solution from boundary data, a single component of the boundary magnetic field is enough to determine the solution fully. Global MHD models of the solar atmosphere also apply only scalar boundary conditions simply because vector synoptic magnetograms
are not yet routinely available. Such vector magnetograms will be derived from SOLIS VSM images in the future, and from NASA's HMI (Helioseismic and Magnetic Imager) on -4 -board SDO (Solar Dynamics Observatory). PFSS models based on scalar data will continue to be relevant because of the mathematical well-posedness of the potential field problem, the simplicity and ease of use of potential models, and because of their ultimate similarity to much more expensive MHD models. The general dependence of global atmospheric modeling on scalar boundary data makes the interpretation of these line-of-sight data especially important.
The PFSS method developed by Altschuler & Newkirk (1969) and Schatten et al. (1969) directly applies as boundary data the magnetic field component along either the radial direction or the observer's line of sight. Until the early 1990s the LOS component was routinely used in practice. This approach implicitly relies on the model description being valid throughout the atmosphere, including the layer where the measurements derive from, whereas conditions in the photosphere and corona differ very greatly as far as forces and currents are concerned. This version of the PFSS model represents well the sector structure of the interplanetary magnetic field and solar wind structure (Wang & Sheeley 2003) .
Furthermore, there is reasonably good agreement between photospheric footprints of open field in the model and observed coronal holes. A widely-reported deficiency of models based on this approach is that they suffer from weak polar fields: because of projection effects, a nearly radial field close to the pole is barely represented in line-of-sight boundary conditions and is not well reproduced in the model. This has several important consequences.
The main neutral line of a PFSS solution, identified with the equatorial streamer belt, corresponds poorly with the base of the heliospheric current sheet as reproduced from white-light coronal observations. These calculated and observed neutral lines correspond well with each other only where they cross the equator. Elsewhere, the modeled neutral line travels significantly further from the equator, indicating that the poles are too weak, as was first suggested by Pneumann & Kopp (1971) . There is also an inconsistency between the observed inclination of polar plumes and the modeled polar field inclination: the plumes -5 -are observed to point more equator-ward, indicating that the modeled polar fields are less concentrated than they should be. Svalgaard et al. (1978) suggested imposing a polar field distribution whose radial component varies with colatitude θ as cos 8 (θ). This strengthens the polar fields and moves the neutral line closer to the equator. Later, Wang & Sheeley (1992) proposed a bolder solution to the problem, one that has become standard practice in both PFSS and MHD modeling of the global corona. Based on a key conclusion of Svalgaard et al. (1978) , that the photospheric magnetic field is approximately radial in general, they advocated abandoning the direct application of line-of-sight measurements as boundary data and instead converting to data for the radial field component by dividing through by the cosine of the heliocentric angle ρ, the angle between the radial vector and the line-of-sight direction. As well as being based on observational evidence, this approach takes into consideration in a simple way the differing physical conditions in the photosphere and corona: the photospheric measurements derive from non-force-free, current-carrying fields oriented in a near-radial direction and separated from the approximately force-free, current-free corona by a thin current layer.
This thin current layer is a mathematical idealization loosely identified with the transition region which is not described in detail by the model. The validity of applying photospheric radial field information to the radial component of the coronal model relies on the thinness of the transition layer and on the continuity of the field across that layer. This approach naturally produces an enhanced polar field and, in practice, the calculated neutral lines are in much improved agreement with white-light coronal observations. Synoptic magnetograms for the radial field component are now constructed by many observatories from line-of-sight measurements of the magnetic field using the assumption that the photospheric magnetic field is approximately radial. Central to the credibility of this data processing and modeling effort is the observed near-radial orientation of photospheric fields.
-6 -In the past, the inclination of photospheric fields has been diagnosed in several ways.
Using large time-series of full-disk images from Stanford's Wilcox Solar Observatory (WSO), Svalgaard et al. (1978) calculated the average line-of-sight field strength across the disk within an equatorial band and found that it varied as cos(ρ), the cosine of the heliocentric angle, a result consistent with a radial photospheric field. Using time series from the most poleward apertures of their instrument, they were also able to infer the polar field distribution from the annual modulation of the signal, as mentioned earlier.
Howard (1974, 1991) inferred the longitudinal east/west component of the photospheric field by comparing the magnetic flux of a region when it was located at equal distances east and west of the central meridian, and found that azimuthal (east/west) tilts of photospheric active-region fields were generally less than 10
• for fields of at least 10 G. Via a least-squares fit of a simple projection model to Wilcox data, Schrauner & Scherrer (1994) found typical tilt angles to be no larger. Assuming that the center-to-limb variations of continuum contrasts of facular areas is proportional to the angle between the photospheric field and the line of sight, Topka et al. (1992) drew a similar conclusion. These findings are in line with physical expectations. The photospheric magnetic field is dynamically dominated by dense plasma and is confined by the ram pressure of supergranular flows to network boundaries.
The resulting intense flux tubes are much more buoyant than their surroundings and their near-vertical orientation is believed to be due to this buoyancy (Parker 1955 (Parker , 1966 .
Magnetic fields measured using spectral lines formed higher in the atmosphere have been found to behave differently: sunspots and network elements appearing unipolar near disk center acquire as they move limbward a "false" opposite polarity on their limbward side.
This is a signature of a highly inclined, expanding field structure forming canopies at chromospheric heights (Jones 1985) . In contrast to the photosphere, we expect the magnetic field in the chromosphere to be nearly force-free, and therefore not radial.
Despite its success, the photospheric radial field assumption is often criticized because it -7 -makes this strong assumption that the photospheric field is radial, while measurements often show the field to be non-radial, particularly in strong active regions (e.g. Bernasconi 1997 ).
The picture for non-active fields has also become complicated recently. Rudenko (2004) pointed out that the radial approximation of the magnetic field in the photosphere is neither confirmed nor contradicted by Svalgaard et al.'s (1978) cos(ρ) distribution of the LOS field described above. Harvey et al. (2007) discovered the existence of a dynamic horizontal component of the photospheric magnetic field of the quiet Sun. It was known for many years that the quiet Sun contains magnetic fields (Livingston & Harvey 1971) but this field was not well characterized until recently. Harvey et al. (2007) found that the temporal root-mean-square of the dynamic component of the field increases towards the limb, suggesting that these dynamic features are generally nearly horizontally oriented.
This in turn implies that the radial assumption of the line-of-sight magnetic field in the quiet internetwork regions near the limb is wrong. Using Hinode Solar Optical Telescope Spectro-Polarimeter data, Lites et al. (2008) found ubiquitous dynamic horizontal fields in quiet internetwork regions not coincident with near-vertical, less dynamic fields associated with intergranular lanes. Here we will investigate the typical orientation of the static components of low-latitude photospheric fields as well as of chromospheric fields, the latter being examined here for the first time.
Besides uncertainty in the direction of surface fields, a further issue is the sensitivity of the models to the fields that are most poorly observed of all: the polar fields. The two magnetic polar caps are large-scale flux distributions each dominated by a single polarity (Babcock & Livingston 1958 , Babcock 1959 , Howard 1972 , Timothy et al. 1975 , Harvey et al. 1982 , Varsik et al. 1999 . While it it known that the polar regions are the dominant sources of fast solar wind during activity minimum (Feldman et al. 1996) , the LOS field derived from photospheric line polarization is not strong enough to allow accurate information on the flux distribution near the poles (Varsik et al. 1999 (Varsik et al. , 2002 . Furthermore, -8 -the transverse field measurements are not sufficiently sensitive. In the basic potential field description (Altschuler & Newkirk 1969 , Schatten et al. 1969 , Hoeksema 1984 , Wang & Sheeley 1992 ), on which the more sophisticated nonlinear force-free and MHD models are based, the global large-scale field structure is dominated by the polar dipole component.
The polar dipole is sensitive to the boundary conditions for the polar fields. Because these polar fields are poorly observed, synoptic magnetogram construction inevitably involves some substitute for unobserved or poorly observed polar fields, such as interpolating estimates from observations at high latitudes (e.g., Liu et al. 2007) or by applying flux transport models that move observed flux into polar regions (e.g., Worden & Harvey 2000) . Raouafi et al. (2007) found the latitudinal distribution of flux elements, defined as regions of field with strength greater than 5 G and of size at least a few arcseconds in each direction, to be more concentrated at lower rather than higher latitudes within the polar cap. On the other hand, the polar flux is generally believed to become stronger as one moves poleward (Svalgaard et al. 1978 . In this paper we investigate the tilt and intensity distribution of photospheric and chromospheric polar fields using the SOLIS VSM full-disk images.
The paper is organized as follows. After introducing the SOLIS VSM images in Section 2, we test in Section 3 the validity of the radial approximation in the photosphere using five years of SOLIS data. Here we also investigate the typical inclination of the solar chromospheric field. In Section 4 we characterize the polar flux in the photosphere and chromosphere. We determine the typical field inclination close to the poles in both These show a marked fall-off from disk-center towards the limbs in the photospheric data whereas the chromospheric plots do not show such a clearly defined trend. In Figure 2 the strengths of the photospheric and chromospheric polar fields have maxima near the central meridian, perhaps because the fields in both layers have near-vertical structure and simple topology. During 2007 the Sun is quiet, and the solar magnetic field resembles a dipole with a simple, well-defined magnetic field strength maximum at the poles. This is how the field distribution appears in the plots. They are more pronounced in the chromospheric plots than in the photospheric plots, suggesting that the polar fields expand super-radially. Away from the poles, we expect the photospheric field to be nearly vertical, but the chromospheric magnetic field to have a more complex structure, which seems to be the case according to these plots. The simple averaging procedure of the previous section indicates that there are key differences between the photosphere and chromosphere in the field observations. To investigate these differences more thoroughly, we expand our investigation to all available photospheric and chromospheric observations: once or twice daily since August 21 2003.
Our method is as follows. In every magnetogram we identify the region within 10 Sun rotates differentially about its axis with period approximately 27 days, as observed by the motion of the sunspots and other photospheric features. We take a circle of 10 • in diameter on the disk center, and identify the region covered in this circle in earlier and later magnetograms assuming a rotation period of 27.27 days, the rotation period adopted in constructing standard synoptic maps. We cannot expect the circle to capture the same flux from image to image. Apart from the fact that flux is continually emerging and being annihilated in the photosphere, the various flux transport processes will carry some flux across the circle boundary. However, a circle as large as 10
• in diameter can be expected to contain much the same flux from image to image much of the time. and best Gaussian fits. According to the Gaussian fits, the photospheric fields have tilt angle 1.8 ± 10.8
• and the chromospheric fields 5.5 ± 35
• . These histograms are consistent with a field structure that is nearly radial in the photosphere that expands in a greater variety of directions at chromospheric heights. We calculated the unsigned flux averaged over each 10-degree circle as it rotated across the disk of the Sun. We did this for every such circle found in the 5-year data set of 2008 photospheric and 1268 chromospheric magnetograms. We plot the results in Figure 6 (top pictures), splitting the sample of 10-degree regions into bins, with each bin containing values from regions having both the same disk-center net polarity and heliocentric angle ρ. A purely radial field would give four straight lines forming a rhombus. Based on these plots, the photospheric field seems to be approximately radial and the chromospheric less so. However, the LOS component of a non-radial field can change its sign on its way across the disk. Therefore, when the field value at disk center is used as the selection parameter (top pictures), bins for positive/negative fields can contain fields of opposite polarity away from central meridian. Averaging of mixed-polarity LOS fields at the limbs might involve a significant degree of cancelation and give the false impression of weak LOS fields there.
In this way, non-radial fields whose LOS component changes sign during disk passage can appear to be radial according to this test, a point noted by Rudenko (2004) . In the bottom plots we instead split the sample of 10-degree regions into different bins: each of these bins contains regions having both the same local net polarity and angle ρ. This binning has the (somewhat unsettling) effect that the same 10-degree region, as it rotates across the disk, might appear variously in the positive or negative bins, depending on the net polarity of the region at the time of the observation. However, comparison of the top and bottom plots of Figure 6 does reveal that such LOS field sign changes appear to be significant in the chromosphere but not in the photosphere. The top and bottom plots of a purely radial field would be identical. These plots together amount to evidence that the photospheric field is nearly radial in general while the chromospheric field is not.
The presence of scatter in the photospheric and chromospheric plots could be due to the fields' dynamical evolution: fields move in and out of the 10 • circle during its passage from limb to limb, and the dynamics change the field strength and orientation. Furthermore, the photospheric field is not generally radial in strong active regions (Bernasconi 1997) , which must have some influence on the photospheric results. The standard deviations associated with these averages are very large because of the large range of fields being summed together, from weak fields less than 1 G in strength to active kilogauss fields pushing 10
• -region averages up to around 100 G. Interpretation of these standard deviations is not straightforward because these are not independent measurements of a single quantity.
Nevertheless, the average photospheric field orientation seems to be close to radial in Figure 6 . Comparing our the photospheric and chromospheric results, the plot of average magnetic flux as a function of the line-of-sight angle in the chromosphere is more scattered, and the magnetic flux does not show a simple, well-defined dependence on cos ρ while the photospheric results are consistently close to linear dependence on cos(ρ). The photospheric results are consistent with a radial field structure, whereas the chromospheric field shows no particular preferred orientation and appears to expand in all directions to a significant degree. As was the case with the fields studied by Svalgaard et al. (1978) , there is asymmetry in the top plots of Figure 6 , particularly the right plot of chromospheric fields.
This asymmetry suggests the presence of a weak azimuthal field in the west-east direction. a different approach, also adopted by Ulrich et al. (2002) . Here we focused on fields that pass through disk-center so that each data set contains a pure radial field measurement.
We cannot invert for the poloidal (north-south) component, B θ , using this technique because its direction is nearly perpendicular to the line of sight near the equator and therefore its LOS projection does not contribute significantly to these nearly equatorial LOS measurements. Because these calculations exclude poloidal fields and detect the east-west component of the tilt only, they may underestimate the 3D tilt angle of the field.
1
A purely radial field would give a symmetric V-shaped curve with maximum strength at disk-center and passing through zero at the limbs, while a purely azimuthal field would have an anti-symmetric graph, passing through zero at disk-center and having equal and opposite value at the limbs. In our example, therefore, the photospheric field seems to be almost radially-directed whereas the chromospheric field has a marked azimuthal signature.
We rejected cases where the graphs were not characterized by simple curves, e.g., cases with 1 By assumption, the usual derivation of radial photospheric field data from LOS images likewise applies only angles in the direction ∇ρ of increasing ρ and not the tilt in the direction perpendicular to ∇ρ. The asymmetries in Figure 6 discussed earlier can also be seen in the offsets of the histogram peaks from zero in Figure 7 . These offsets are positive in both photospheric and chromospheric cases. In histograms of tilt angles for positive and negative fields separately (not shown) the positive and negative photospheric cases are very similar, while in the chromosphere most negative fields have positive tilt and vice versa. Thus both cases are consistent with a negative (west-east) azimuthal field as seen in Figure 6 . In both atmospheric layers, the negative fields outnumber positive fields, biasing the histograms towards positive tilts.
-23 - Figure 8 shows scatter plots of the disk-center field strength versus east-west tilt angle for the photospheric and chromospheric data sets. The greater concentration of small tilt angles in the photosphere is again apparent in these plots. In addition, 66 % of photospheric data sets with more than three data points are coherent enough for a satisfactory curve fit and tilt angle definition to be possible, compared to 59 % for the chromospheric data sets. The vast majority of data sets with no satisfactorily fitted curve, photospheric and chromospheric, were cases with weak field. The average disk-center field strength in coherent photospheric/chromospheric data sets is 4.9 G/4.4 G compared to 0.69 G/1.30 G for incoherent data sets. The simplest explanation of this is that these weak fields evolved quickly and randomly as they traversed the disk. Another striking feature of these plots is the lack of a highly tilted field (> 45
• east or west) in either atmospheric layer with average strength greater than a few tens of Gauss.
Polar fields
The SOLIS data allow us to extend the analysis of solar poles in several ways. The Figure 9 shows monthly average unsigned LOS and transverse field components. These are averaged over the large dashed circles over-plotted on the full-disk image in Figure 10 .
Whereas in the earlier sections we worked with circles confined to fixed latitudes within remapped images, here we instead consider circles in full-disk image coordinates whose positions are fixed at at certain positions on the disk, and whose heliographic latitudes therefore vary as the Sun tilts back and forth with respect to our line of sight. We found that this approach worked best at polar latitudes because circles contain equal numbers of pixels at all times giving each time series more coherence than with alternative approaches.
-27 -
The average latitudes of the measurement locations within these large circles is ±70
• when the rotation axis tilt angle attains its extrema B 0 = ±7.25
• . As this tilt angle changes with period a year, the heliographic latitudes of the measurements change correspondingly.
Averages are calculated from all 2007 and 2008 quick-look full-disk vector magnetograms.
The transverse measurements have a 180
• -degree ambiguity and so their unsigned strengths are plotted, as are the unsigned strengths of the LOS measurements. For an approximately axisymmetric, static polar flux distribution the LOS measurements at fixed position on the disk should display an annual periodicity. Assuming that the polar field is indeed quasi-static and nearly axisymmetric, it is evident from the plot that these measurements are not sensitive enough to show the expected sinusoidal dependence on time. However, the difference in strength between the LOS and transverse field components is clear. The ratio between transverse and LOS components is approximately tan(70 • ), which is consistent with a radial field. The results shown here derive from simple inversions based on a weak-field approximation and therefore are strictly preliminary. The vector measurements are currently being fully inverted. A future study will investigate the properties of more precise, fully inverted measurements of polar fields. In the meantime, we focus on the polar measurements in the scalar LOS images discussed in the previous two sections. Figure 11 shows the monthly average photospheric field variation within a north/south pair of circles in Figure 10 whose average latitudes are ±70
• at tilt angle extrema
• . The annual periodicity in the measurements is obvious. If the polar field were uniform and strictly radial, the measurements of their LOS component would be approximately constant as the rotation axis tips back and forth between B 0 = ±7.25
• . Figure 11 shows that these measurements do change significantly. Of course, the latitude of our chosen portion of the disk changes with annual periodicity also.
-30 - Figure 12 shows the photospheric field variation within the three north/south pairs of circles shown in Figure 10 as functions of latitude. Since these circles are fixed at constant position on the disk ρ, their latitude varies sinusoidally over a range of 14.5
• as the tilt angle B 0 of the Sun's rotation axis oscillates between ±7.25
• annually. For a quasi-static, nearly axisymmetric polar field we therefore expect the LOS field in a given circle to take approximately the same value every time that circle revisits a given latitude.
We therefore expect the LOS field to be a well-defined function of latitude for each circle. Figure 12 shows that, in each case, the dependence of the measured LOS field on latitude is indeed simple and well-defined. In each row of Figure 12 , the heliocentric angle is the same for every data point: 60
• , 70
• and 80
• , respectively. These figures show that the LOS components of the fields increase in strength towards the poles, implying that either (i) the total field strength must also increase towards the poles, or (ii) the fields nearer the pole are more tilted towards the LOS direction. We will investigate which scenario is the correct one presently. In the middle plots, both northern and southern fields are distinctly polarized. There is a pronounced latitude dependence in the northern negative field measurements such that the negative and net fields increase in strength towards the pole. There is a corresponding dependence in southern positive measurements, albeit to a lesser degree. The opposite-polarity field measurements hardly vary in strength at the high-latitude measurements in the bottom plots, and yet they are almost as strong as the poles' dominant polarities. The strong B-angle dependence of the polar polarities shows through in the net field measurements. We now decompose the polar fields into radial and poloidal components. Because of the small tilt angle of the solar rotation axis relative to the ecliptic plane, we cannot perform this decomposition exactly as we did with the near-equatorial fields earlier. Figure 12 shows the line-of-sight fields at common latitudes as diagnosed at different locations on the solar 
to estimate the magnetic vector (B r , B θ ) at latitude L. Thus, we estimated the radial and poloidal fields at selected latitudes. Figure 13 shows the results. Between about ±55
• and
±75
• in the photosphere the polar cap appears to begin at about 60
• . From there, the field strength increases monotonically and the field becomes increasingly unipolar as one moves poleward until about 75
• where the results become unreliable. Furthermore, the radial component is significantly stronger than the poloidal component in the polar cap, indicating that the photospheric is approximately radial at these latitudes. For estimates beyond ±75
• , the assumptions used here break down, fewer field measurements contribute to each data point and so the results become noisier. Below 60
• the fields are weak, and the method does not determine a preferred field direction there.
-34 - Figure 11 . This seems to be an effect of the canopy structure of the field expansion in this atmospheric layer. Unlike the photospheric cases, the chromospheric time variation seems to show some cycle-dependence. In the early part of the sample, which corresponds to a relatively active phase of the solar cycle, there is a lot of scatter in the measurements.
which appears to be mostly due to complex, highly non-axisymmetric field geometry. The complex field geometry seems likely to be associated with the influence of strong active
fields. The quality of these chromospheric measurements is comparable to that of the LOS photospheric measurements, but active fields evidently have more influence on the polar Figure 16 shows the radial and poloidal field components during 2008, as determined by the method described above using Equations (2). While the north pole adheres mostly to the pattern described above for the photospheric fields, with the exception of a hint of poleward-tilting field below 60
• , the south pole is more complicated. The radial component does increase in strength with latitude but the poloidal component is significant for all latitudes. This is evidence that the south polar field was expanding super-radially (i.e.
tilted away from the pole) at chromospheric heights during 2008. Perhaps this is due to a relatively strong, concentrated south pole whose flux expands into the atmosphere. Earlier chromospheric data do not show steady enough field patterns for the radial and poloidal components to be determined by these methods.
-38 -Having established that the photospheric polar fields are approximately radial, we next give our best estimate of the polar photospheric flux distribution by directly diagnosing the polar field assuming that it is radially directed. We do this by averaging B = B r = B LOS / cos(ρ) within circles centered at selected positions on the disk such as those in Figure 10 . Each straight line in each plot in Figure 17 delineates a best linear fit to the set of month-by-month average measurements within a single circle over its range of latitudes. Collected together in the plots, these straight lines form curves describing flux distributions from about 40
• . The dashed lines show the best-fitting curves of the form B pole cos n θ to the data, where θ is the co-latitude. The best-fitting values of polar field strength B pole and power index n, given in the caption, are comparable to those found by previous authors using forward models for Cycle 21 (Svalgaard et al. 1978) and Cycle 22 . The cosine(co-latitude) form may not be the best description of our Cycle-23 polar fields: the step up from background to polar field strength is more abrupt than in the cosine(co-latitude) model. Furthermore, the high-latitude north-pole measurements show evidence of a plateau beyond 80
• while the south pole plot shows no such sign. This may be related to the super-radial expansion of the south polar chromospheric field discussed above. These are details that the forward modeling techniques used by past authors could not detect.
Discussion
Despite similar appearance of the chromopsheric and photospheric magnetograms in The sensitivity of models to poorly observed or unobserved high-latitude fields motivated us to characterize the general properties of these fields as accurately as possible.
We did this not via forward models as in past studies but by inverting the stereoscopic projections of the field at a given latitude along different lines of sight at different times of year. Significant longitudinal structure seemed to be absent from the sky images at polar 
